To estimate the natural history of funneling in the second trimester by transvaginal ultrasonograms and whether funneling increases the risk of spontaneous birth.
and well-accepted 2 technique to assess the risk of preterm birth. 3 Cervical length and funneling have both been used to predict preterm birth, but the value of one finding with or without the other has been uncertain. 4 -6 Our three objectives were to estimate: 1) the natural history of funneling in the second trimester by serial transvaginal ultrasonograms, 2) whether the presence of funneling is associated with an increased risk of earlier spontaneous birth after controlling for cervical length, and 3) whether funneling increased the risk of earlier spontaneous birth in the presence of a normal or shortened cervical length.
MATERIALS AND METHODS
We performed a secondary analysis of a blinded observational study of cervical ultrasonography in women with a prior spontaneous preterm birth between 16.0 and 31.9 weeks with singleton gestations. The primary study was a multicenter prospective study performed between 1997 and 1999. 7 Women were excluded if they had chronic medical or obstetric problems that might result in an indicated preterm birth (such as hypertension or alloimmunization), a history of substance abuse, a uterine anomaly, or a history-indicated cerclage. At or before 18 weeks gestation, eligible women were offered enrollment in the study, which was approved by the institution review board in each center. Consenting asymptomatic women were scheduled to have a transvaginal ultrasound examination of the cervix screening at 16 to 18 weeks 6 days and then every 2 weeks until 23 weeks 6 days, for a maximum of four ultrasound examinations.
The transvaginal ultrasound technique has been described in detail. 7 All ultrasound ultrasonologists received specific training before the study and submitted at least 10 transvaginal ultrasound images of the cervix before they were approved to perform study scans. The training and ultrasound images were assessed centrally, by the same person. After emptying her bladder, each woman inserted or had the ultrasonologist insert the sterile, covered probe. Avoiding excessive pressure, the adequate image for cervical measurements was defined as visualization of internal and external os with complete view of the endocervical canal. The association of spontaneous preterm birth with cervical length and other measurements has been previously described and reported for this study. 5, 7 We defined a cervical length less than 25 mm as short, representing the lower tenth percentile in our study population. Funneling was defined as prolapse of the membranes through a dilated endocervical canal.
Funnel depth was measured from the functional internal os or tip of the funnel to its "shoulder," ie, the presumptive original internal os more cephalad. Funnel depth had to be at least 5 mm to be defined as funneling. Funneling percent was defined as the ratio of funnel depth divided by funnel depth plus cervical length. 8 Funnel shape (V or U) was recorded. 9 After measurements were performed, transfundal pressure was applied for 15 seconds, and if the cervical length shortened or a funnel developed (or enlarged), the cervical measurements were repeated. Ultrasound evaluations also lasted a minimum of 5 minutes to detect any spontaneously occurring dynamic shortening after fundal pressure was released. By protocol, all scans were videotaped, and the results were not available to the managing obstetricians except in cases of previa or fetal death. All cases of funneling were later reviewed by three of the investigators (J.O., V.B., and C.M.) for quality assurance purposes.
To evaluate the natural history of funneling, we planned to examine the progression of the presence or shape of funnel from initial to final scan. Funneling was also classified and analyzed as: 1) Progressive: At least two scans with appreciable increase in funnel size of 3 mm or more (either V or U, including a change in shape) over time; 2) Persistent: At least two consecutive scans with a funnel (either type) whose size remained relatively constant over time; 3) Isolated: Only observed on one (or occasionally two) scan(s); if observed twice, there must have been a funnel-free examination in the interim. Importantly, this was also associated with a stable cervical length on the serial evaluations; 4) Shortening in progress: Funnels that were intermittent over time, but were associated with appreciable cervical shortening of 3 mm or more on serial evaluations; 5) Last only: A funnel was only observed on the last recorded scan, in patients with at least two scans.
The primary outcome for this secondary analysis was gestational age at delivery. We focused our analyses on shortest observed cervical length and on funneling observed on any serial ultrasonograms after dynamic changes. Data were analyzed with SAS 8.2 (SAS Institute Inc, Cary, NC). Baseline comparisons between patients with and without a funnel were performed using the Wilcoxon rank sum test (for continuous variables) and the 2 test (for categorical variables). The Spearman correlation coefficient was used to assess the relationship between funnel index and gestational age at delivery. Both parametric (t test, linear regression) and nonparametric (Wilcoxon rank sum, Kruskal-Wallis) analyses were used to analyze the relationship between gestational age at delivery and funnel variables, with and without considering the effects of cervical length. P values less than .05 were considered statistically significant. No adjustments were made for multiple comparisons.
RESULTS
A total of 590 transvaginal ultrasound evaluations of the cervix were performed on 183 high-risk women. Twenty-six percent of these women experienced a recurrent spontaneous preterm birth at less than 35 weeks of gestation in the current pregnancy, with a mean gestational age at birth of 35.2 (Ϯ6.3) weeks of gestation.
With serial evaluations, and including all observed dynamic changes, 60 (33%) women had funneling of any of the categories during at least one ultrasonogram. These 60 women differed significantly from the 123 high-risk women who never developed funneling (Table  1) . Women ultrasonographically exhibiting a funnel were more likely to be African-American, had government-assistance insurance and experienced an earlier gestational age at their prior preterm birth. Their shortest observed cervical lengths were smaller, and they experienced an earlier gestational age at delivery than women with no funneling. Preterm birth occurred more commonly by preterm labor with intact membranes than premature rupture of membranes in women who displayed funneling.
The natural history of these 60 women with funneling can be seen in Table 2 . In most of these high-risk women, funneling was not present initially, but developed on subsequent evaluations. The progression over time of internal os cervical anatomy from a "T" to a "V" to a "U" shape was associated with earlier gestational age at delivery; development of a "U" shaped funnel was associated with early birth, usually in the second trimester. In the uncommon occurrence of resolution on subsequent ultrasounds of a "V" shape funnel, women delivered at term. Table 3 shows gestational age at birth of different categories of funneling progression. None of the categories proved to be significantly different from the others in its prediction of gestational age at delivery (Pϭ.14). Largest observed funneling percent, considering dynamic changes and serial examinations, correlated with the gestational age at delivery (Fig. 1) . As the funneling percent increased, the mean gestational age at delivery decreased (Spearman correlation coefficientϭ-0.3, Pϭ.049).
Seventy-seven percent (46 of 60) of women with funneling on serial ultrasonograms after dynamic changes also had a shortened cervical length less than 25 mm (Table 4 ). In the presence of a shortened cervical length, funneling did not alter outcome, because both groups, with and without funneling, had similar mean preterm gestational ages at birth. In the presence of a cervical length of 25 mm or more, the presence of funneling was associated with more than a 2-week earlier gestational age at delivery compared with no funneling, but this difference was not statistically significant (Pϭ.22). Among the 60 women with funneling, regression analysis showed an inverse association between funneling percent and cervical length (Pϭ.009). Regression analysis controlling for gestational age at first funnel, maximal funnel depth, and shortest cervical length at largest funnel depth, for the dependent variable gestational age at delivery, revealed only shortest cervical length to be significant. Largest funnel percent observed at any time did not seem to be a significant independent risk factor.
DISCUSSION
We report a blinded study on the natural history of second trimester funneling in women at high risk for spontaneous preterm birth. High-risk status was defined as a history of a prior early spontaneous preterm birth. The results demonstrate that funneling occurs in a third of these women, and therefore is a common finding. Funneling has a significant association with earlier gestational age at delivery. Progression of funneling from no funneling ("T") to "V" to "U" and increasing funneling percent were both associated with earlier gestational age at delivery. Nonetheless, as we have observed, funneling was associated with considerable variability. These findings confirm prior smaller or nonblinded studies. 8, 10 If funneling is present, it can be recorded in different ways. This study, by design, defined funneling as prolapse of the membranes through a dilated endocervical canal with a funnel depth of at least 5 mm measured from the "shoulder" of the presumptive original internal os to the tip of the funnel at the closed endocervical canal. Funneling has also been recorded in using 3 mm instead of 5 mm for membrane prolapse, 6 measuring the funnel depth from the middle and not the lateral border of the original internal os, 10 measuring the dilatation of the internal os with 5 mm or more funnel width as significant, 11 measuring a cervical index (funnel lengthϩ1/closed cervical length), 12 measuring a cervical score (cervical length minus cervical dilatation), 13 and measuring funneling percent-or percentile (also called funnel index in one reference) 14 as the ratio of funnel depth to total cervical length (funnel depth plus remaining closed cervical length). 4, 8 Some studies of funneling did not give an objective definition. 15 Although it is unclear which of these methods of assessing funneling is best, all have been reported to predict preterm birth. 16 Reporting funneling as a ratio allows for quantification of funneling. For example, minimal (less than 25%) funneling, a very common finding, may be physiologic, and should not raise suspicion for later preterm birth or trigger interventions, whereas funneling progressively worse after 25% is linearly associated with the risk of preterm birth. 8 Like cervical length assessment, it is important to report the more significant (worse) funneling seen during the whole ultrasound session (ie, before and after dynamic spontaneous or after transfundal pressure changes) to obtain the best prediction. Unlike cervical length, funneling is associated with substantial variations in appearance and technique of measurement that may complicate clinical interpretation of this finding.
If funneling is present, the shape can be recorded. Zilianti et al 9 described a process of initial long and closed cervix (T-shaped), then initial Y-and then V-shaped funneling, later evolving into U-shape funneling in women at the beginning of term labor. Our study reports the natural progression of funneling shape in asymptomatic preterm cervical changes. Indeed the progression to U-shape funnel is associated with the earliest gestational age at delivery ( Table  2 ). The study might have lacked the power to show significant differences between funneling categories (Table 3 ). We remind the readers that funneling shape can be somewhat subjective.
Uterine segment contractions can mimic funneling. The appearance of a rounded myometrium above the internal os and of different echogenicity between the contracted lower uterine segment and the actual cervix are ultrasonographic signs that help distinguish between the two entities. Usually the presence of a normal (ie, one with a length of 25 mm or more) cervix below the possible funneling, also termed poorly developed lower uterine segment, 7 has been reported as a reassuring finding, one that possibly rules out any significant risk. 11 Our data, though, show that funneling at initial examination in the presence of a normal cervix is associated with more than a 2-week earlier gestational age at delivery compared with no funneling. This difference is not statistically significant (Pϭ.22), and this could be secondary to either lack of association or lack of power. Further research is needed to clarify this issue. Some cervices are associated with preterm birth through a process of funneling and shortening, some just through shortening. However, because our observation windows were relatively small (5 minutes every 2 weeks), it is possible that some women with progressive cervical shortening experienced unobserved funneling.
Although in this study the natural history of second trimester funneling in high-risk women suggests that it has a significant association with earlier gestational age at birth, as an independent finding we found that it does not add appreciably to the risk of spontaneous preterm birth associated with the finding of a shortened second-trimester cervical length less than 25 mm. This finding confirms some prior studies of high-risk women, 4, 11, 14 but is at odds with others. 6, 8, 15 The association between funneling and preterm birth was stronger than the one between cervical length and preterm birth in the first report on funneling. 8 In that study, predictive accuracy of funneling was similar to that of cervical length, and at times better, especially for specificity and positive predictive value. However, that study was limited to only women with funneling. When all high-risk women from this center were followed up prospectively, predictive values were very similar for cervical length less than 25 mm or funneling more than 25%, with sensitivity increased from 61% to 74% and relative risk from 3.3 to 4.8 if funneling was added to cervical length as a predictive variable. 3 The largest study of cervical sonography to compare prediction for preterm birth by either funneling or cervical length found the two had very similar predictive accuracy, with funneling remaining a significant predictor even after controlling for cervical length. 6 A short cervical length less than 25 mm in the absence of funneling has been correlated with a very low risk of preterm birth (mean gestational age at delivery 36.2 weeks) in a recent study. 17 Our data show instead a mean gestational age at delivery of 31.9 weeks in a similar group of women (Table 4) . This might be due to the fact that all our women also had a prior preterm birth, whereas only about a third of women in the prior study had such a risk factor. 17 In other words, a cervical length less than 25 mm at less than 24 weeks in the absence of funneling may be associated with a high risk of preterm birth, especially in women with a prior preterm birth.
After careful review of these new analyses and prior literature, we conclude that funneling is indeed predictive of early gestational age at delivery, but does not add significantly to the prediction obtained by an accurate cervical length measurement, at least in high-risk women. Funneling can be falsely alarming in at least two situations: if indeed a lower uterine contraction is present and there is not true funneling, and if it is only minimal (less than 5 mm deep or less than 25%), which is a normal finding. Funneling is also more subjective, and therefore less reproducible. Funneling may be useful in the minority (about 5%) of women with initially a normal cervical length but significant funneling, because this funneling may be the first marker of later shortening and eventual preterm birth or could be an artifact from a poorlydeveloped uterine segment. Therefore, cervical length, recorded as the shortest best after dynamic changes are taken into account, should be regarded as the standard measurement for evaluation of the cervix for prediction of preterm birth in the second trimester. While several other measurements can be obtained, none is more predictive or has better reproducibility. Further research should focus on interventions to prevent preterm birth once a short cervical length is detected.
